: STe3ePMkX6. T37 TITLE 2 fi MAR 2002 DI CARBOXYLI C ACI D FROM POLYESTERS " 2°

"FI EL ENTION 5 Disclosed is a process for recycling pol yesters)

suchmﬂmwnmmmml ene 2, 6-napht hal ate), by hydrolyzing them at el evated

terrperat.lil%%?, In the presence of water and a carboxylic acid to give pure

2, 6- napht hal ene di carboxylic acid sWilliEl e for use as a hbrfdRBH! TECHNI CAL
ND y types @dicHVERYEOR G NAMITRAY§NGY or their chem cal

val u bt (K & ‘ i m by vario P of _various types have been
hydr OT'Y 2 s r“r eact edm&gﬂ&:éé@/?@bﬁgp[tww ous chemcal units
present 9%%e pol yners. TheFIEEDOOErRHE INVENTION are then reused, often in

the forpation ofn o) r I . r in.order to use a conpound
as a nonomer in qggl Se?o'%légﬁé%ﬁ @’(r% r%%&%wyg%{%gh%&h“ ipgfy\%ﬁ)(le&%om that the
conpound slh6indplghalpie),yhpdrelypog ithan gt ¢levateddtempérapmes imutbe presensceof

| mpuri ties 6#164&%%&:%%%_%&@:5 ive ARETR-fiphthafie | dicaPstixy B hE@at i on) whi ch
shoul d be routinely reproduci ble. Thus especially when reCycling relatively
cl ean scrarf“ﬁéli’lﬁg%‘?‘,‘setaﬁé‘ IR ng process shoul d preferably be sinple and
yi el d products which are puECHNICAISBAGKGROUNI73, 102 descri bes the

hydr ol ysj s of p%xﬁ@ggpﬁ@k@kﬁgn A aﬁgi%]@i?g@tﬁgﬁ%‘?hﬁwﬁw I ¢ aci ds such

as terephthalic ‘ac 'sop ) ene di car bvxylic
aci d (N) byrengeres by variqusdneans s Balyssters@if yeripussypesnhaye beerehydrdlystd si s

products byoCraadtsd WwithadoRBIsMb rétoSécBivaritis dhéflical UsiksSprelenlNif @Rt ai ni ng
pol yesters |r1 t he esence of a carboxyl.ic amg [t’ Z%des_crl ed. U S

is np
Pat ent 3, 62RPIYPIS eI RS EHEPMAUY fhegirepss y@é‘?‘é’r"s‘h% TayigRoby s
car boxyl i ¢ mow gelyestermpitymerh edowesr 30 ander tooudeyadcorhpymming .as bl.motioaieg inet al . ,

Macr o cu . . =l ( ) | lnetics of the
hydrolngﬂss?s % SSWE‘PH@?@??‘S@%&‘Q‘%%&%‘?% T%Eﬁ_g?&ggo#ﬂ%hgé@?gnce of added
car boxyl i ¢ Buie@sd eenecialy befeseof yarieus wpesf impurifiesdat maUimexiere @AthT HE
IzNg/ENTI EVthE&nhlnggﬂﬂ p?_l}h&ﬁmgolﬁ wWhiCsho61di K robitife 1P kfdcing. of

, 6- napht ne di carboxylic aci ompPrising. coptactjing, at. a tenperature
of about 1%@’%‘3"%@ tw§§b@yt§m§#§\fx§%§k§“§gr§? @9E’ tﬂ'ﬁﬁéﬁyéﬁ“}g wat er, and
an organi c p@ctmshould psdferblyche simplerandiyseld praluasprliitiaherpardi car boxylic
aci d, ot al ni nguds Y pau732RGREARS MeHTRroly AT oy bohBRiA0Z pr ovi ded

that said carboxylic acid s apout, 0.1 t .50".vol une percent of said
wat er) or s¥ITEPUsaEpstic digarhexxiiciacids speh asderephihaliq)agid, sephthaliiacs wei ght
percent of ami2l6pablthalely HizamboRyle i (NN Bydrdlysisrand dubbeq@mboxyl ic acid is

about 0.1 t0iffifith cidne RYdBRsRHrSdRls Bf coapliflaif Rim SRAK, Sl of gani c

carboxylic &8 I's ‘about” 0. wer ght™ percent of said
pol y(al kyl ehydrplysis od dhcontaining)polysster mahepreyeyee oKyEArbogiicl gidjs rpt
pol y(al ¥y eg&chAb&t. napht hal ate) is neant a polynmer in which at |east 50 nole

- percent of the r Elp§.algatgnraI3E§29r,]f0\éedéscr:]r?bgs %rxcn&l:a%n%r?t of polyesters with various
carboxylic acids to make them resistant to hydrolysis.
" H. Zhang, et al., Macromolecules, vol. 28, p. 7622-7629 (1995)
describe the kinetics of the hydrolysis of poly(ethylene 2,6-naphthalate) (PEN).
30 The presence of added carboxylic acids for the hydrolysis is not mentioned.
SUMMARY OF THE INVENTION
This invention concerns a process for the production of 2,6-naphthalene
dicarboxylic acid, comprising, contacting, at a temperature of about 120°C to
about 300°C, a poly(alkylene 2,6-naphthalate), water, and an organic carboxylic
35 acid, other than 2,6-naphthalene dicarboxylic acid, containing 2 to about

20 carbon atoms , and



2 6 MAR 2002 0 ~c-0-R2-0-c | O (I) wherein R2 is alkylene. In a preferred
polymer a'.l of the repeat units are (1), 5 and in a nore preferred
polymer, which is PEN, R2 is -CH2CH2-. The polyner of which (1) is a part
may be a sinple polyester, or may contain other |inking groups other than
pol yester, such as amde or imde. It is also preferred that this polyner
sinply be a polyester. The organic carboxylic acid which is present is
believed to act as a 10 catal yst for the hydrolysis reacfbdtR 280add al so in
sonme way helps to provide a pure N product. It nmay be substituted by

vari ous funﬁdmlth&r%w)éamm i 2618 [9'880uk 04D TBG 84 Yol BoRA tloupy s such
as hydroxyl. Preferred organi'c carboxylic acids have ornu a CO2H
wherein R3 “@tﬁy@rﬁﬁfhp@?mc(ﬁa@mﬁQOJQulSétPOHS/Qi%éQA?Wt Zédvﬁlgi'!trﬂem}nloﬁo 10

car bon at OMSpidRiRaR I@ﬁé‘b%bfkébhﬂrb eyl 8r da d&%smayuﬁtm:s ddout 6.13b SBof of o1 ed
that R3 is dr ox substitute specially preferred are
acetic aci d5QrV°§4"?R:B¢"|C§man|S@'d ‘E@ﬂ%ranﬂrséfcb?ﬁgéﬂw@&r%x% aqid igcakput RdPe a pKa
of aboutgl W AR in water at a

t enper at ar eﬁ&g?%ﬁ% vgé‘l%e pgkn%ﬁﬁ?%%dz%ﬂﬁg@wwg%am d prﬁg)ent in the
hydrolysis is not critical. 20 For instance a useful anobunt is about 0.1 to
about 50 vol une percent of the liquid water (if present) in the process. In

an optional nethod of determ ning the organic car boxylic acid present,
about 0.0S to about 25 wei ghQQIA?_&M_JWC aci d based on the

wei ght of pol yester present may be used. If the polymer contains repeat
units that may yield basic materials upon hydrolysis, 25 such as an am de

| i nkage19i el di ng Bard Belvtakylesa A @naphinalate) is Mearti aipeiwoear it waichpbtleast so t hat
free carboxgbioiapbftehfolthe bt bistgb MY fohhgahydrol ysis. The water my be
present as liquid water or as steamor both. Preferably at |east some) nore
preferably the major portion) of the water is present in liquid form The
anount of water needed for conplete hydrolysis is 30 at a m nimum 2 nol es
per repeat unit (i). However it is preferred that at |east 3 noles of water
per nole of repeat unit (I) be present, preferably about 5 to 20(l nol es of
wat er per nole of repeat unit (l1). The hydrolysis is carried out at about
120C to about 300C, preferably about 150 C to about 27S C ) nore
preferably about 175 C to about 250 C , and 35 especially preferably
about 210C to about 240C. As is usual with nost 2 2 6 MAR 2002 chem cal
reactions, the tinme needed to effect hydrolysis of the polynmer wll
decrease as the tenperature is raised. "Total" hydrolysis of the polyner is
preferred but not necessary to obtain at |east sone N. However, the
tenperature should preferably not be so high as to cause significant 5
deconposition of the hydrolysis products or of the organic carboxylic acid.
Ext ensi ve deconposition nay | ead to products which contam nate the

hydrol ysis products) and may be difficult to renove. The hydrolysis is
preferably done in the substantial absence of oxygen to avoid unwanted

oxi dation side reactions. It may be convenient to performthe 10 hydrol ysis
under an inert gas such as nitrogen. It nay be advantageous to provi de sone
agitation to accelerate the hydrolysis. The apparatus used shoul d be able
to withstand the pressure under which the process is run, autogenous
pressure or steam pressure being convenient to use. It should al so be
resistant to corrosion fromthe process ingredients at the 15 tenperatures
enpl oyed. Useful materials of construction are glass (lining), stainless
steel and Hastelloy C alloy. Once the hydrolysis is conplete the slurry
(assuming liquid water is present) may be cool ed to reduce the autogenous
pressure to atnospheric. Assumi ng no other solid and water insoluble
products are present) the product N

1a



20 may be filtered off by conventional neans. After washing wi th additi onal
wat er and drying, it has been found that this product is suitable directly
for use as a nononer for meking polyester. Analyses indicate it is quite
pure, even the polynerization catal yst residues fromthe hydrol yzed

pol yester having been separated fromthe N (it is assumed,g hgygje in the
filtrate). 25 Hydrolyses run using no catalyst or other types o acid

catal ysts give N which is discolored or ofherwi se unsuitable for direct use
as a nonomer. In sone instances sus \-nt@aloanppq;s of - pol yneri zati on
catal yst residues fromthe hyd pol yester remain in the N. The N

whi ch is produced by the—hf S t he pol y(al kyl ene 30

2, 6-naphthal ate) may be f hher reacted (polynerized) to formpart of a
condensation pol ymer such as a pol yam gg) pol yester, polyester-anide),

pol yester-im de) or any other polyner 1n which ester or am de |inking
groups are present Polynerlzatlon of dlcarboxyllc acids such as Nto form

pol yrmer s whWerean B2 isalisplene; nin & pesferacdralymes &l ebthe aeneatgnisare Dor  anode
| i nkagess ar @nd@n aMoke fsrefoifed fodymér) wWhidhCie PEN, 0RBRI-CPLCPY-.0Thé peiyhmet mat i on of

L5011 OP1 P9k B e oy ool 1|
Ver | agsges elgrauph athter tind, polyksiensuichips a9k, orgmide? gt 6dlso aw&rrd:d thatr k. , et al.

, Editors, SWAREYiIndhiPbe & r.Sci ence and Engi neering, Vol. 12, )ohn
WIey&Sons ﬁleivva il??p?e% AR 20D2 p.. 1-75, while a

descri ption of t H@epagm%w’@ ‘ctaﬁ'\gr"i‘ﬂi%[? Bresent EiLheHe‘fPfi)fgtaﬁﬂ ¥ihe pol yesters,
par ti cuher | yaalystfuk itie Wyalrylgsis emuom;mdhmfmubdxelwnyﬁiemnb révieg ei n, B.

El t al Cheni stry,
5t\rlle|r53))evm “ﬁ%%‘i?%h 3y ek, BE el fqr%ﬁg,ﬁh%g Ip W%@h" pem2§8”2/39
S and H. Mamet intesferawith tielhy SlSEﬁ!?}l@ISchydmxal oPreIfUFG,dn%'ga!Bcl ence and

Engi neer i ng,calyodfic Aé%m): 1ﬂ@iwmwalr@c rﬁtmamw lmwﬁ)océx%gpér p. 262-279,

all of which are Eﬂ"gy E uded .b 1 fﬁrence he rradq% erein by the
hydrol ysis &# S("I‘Pge pear vI@H@“E“ ﬁ%b FWBP&“‘W“&B‘ &ablYilnonor mal  way
i n t hesd5poldycaeborzabdinondt is soppeferred thaoRéus alepborehiydrowyt suistitwyeddue to this

10 corrpound (=&=Vy00 g}gﬁ i mel ting

poi nts were eEgni)&%lybéj} %h??er ent #‘g @@Poxﬁn@@%@@q at a
heating rat éadmxz'@p #idobave 4 pKa afabonel fq ?R?“bét Wtef%)’QaRén“éGnt he peak of
thfa mel ti nfgl,ﬂéhg@ﬁt (beﬁmatelgtgxmlﬂe\(&dﬁ)(sl\/PLE 1 One hundregzg of PEI(;I t
pol ymer pellets [ cir ers pr o cmin dianeter
and 0.32 cmin |é%?"|‘?)°‘%€w§ 6‘5%’@ Pé“-sf?@@ th? i(‘y‘im é‘séﬁ?("sctrﬁlcﬁ ‘ess st eel
aut ocl a2 alkamgnsmarich aiGefl gmoﬁntuaalmutﬁridtozlabnut ki) vdlﬂmwlpeﬂziemcﬂfubﬂe sul fonic
acid sol uti k | T d) and
cvacuated t QIWREBF lestiftFl b Brickss, e P ol Bl R | <
pressure wi tthe arspisgarpayylic smé PResenty abqus Rd%emaﬁbputf%weh@es% 8 The

seal ed aut OCdaﬂjtﬁyB@dcldﬂ)ise@CUﬁlﬁ@iw&lgMEbﬁ 6lbesnerhﬁa§cﬂdmhpb8€a§bd Qfamd held for 5

h at this t t t d off
ang t heI Zut gﬁ)ﬁ{}% g?lr“ p?aéeugﬁ%&m‘: By Xffiﬂ F%ﬁ&')@i“&f‘ﬁlfém"“rﬁ%df\ﬁ@zﬁr 'ltjlr RS s?urry
was pl a@sd 2&chas an mmerigxkbgteyldldmmmmgpgmwh carbayylicacidstioeldbe2 nmin to
finely di SPSiragnt P &Puﬁﬁfrké gﬂb@,&ﬁm%mgﬁese;ﬁhﬁro%gﬂaﬁ eﬂgymab}a@ filtered and

t he recover washe t'I mes h m xt ure of stilled water and

HO on the fil terT eTWaIeF ay be PEFSSR s IQUKEWRIRE QR3S $aseebboth- a vacuum dryi ng
oven and dripmdfepatsty at Bhst sameamowprémhauﬁ thajdr pdsion pdfsthe pragg9eir . The

resulting N h [ ed about 60 ppm
of anti m)ny. &%@?%‘b qU| g cryﬁ%r%%ﬁédﬁgg&@gmdrﬁg%ﬁ
recover e N 4y mingmaw| 2 males geprepeatdumtdl). rléawc‘emtltslsmferredmﬁnagédez(stn a

ni trogen at IDRRA @ e nRACb RBeHTRRY) BGHERA Befral Aoulis 3 [ g bat h

and equi pped_ wth a Vi greaux colum, con; ser and a stirrer (stir speed
set at 50 rp?ﬁomﬂ?éofé’é@f%’fg‘o@“ﬁmaw charged into the reaction vessel
were 116.3 g of bTmhkyurblysié9s dargedbutat dbowiLi2000ao abiaiit 300YC ofrefeeatdpht hal i c

acid, 81.4 g %Lt '1\905%5  ghole 215 £ W&EBﬁéfQ?ﬂ@Q%bSu@Hfsdc t@%ﬂﬂlﬁ%og pf acetic

anhydr| de. The'tes m xtur was

refl uxed3st esppeially n@f%&hlh ab@lﬁé’éf)a@m abayt 2400C Agris yenaliwith mmest i ng the next
2.75 to 3.75 h, the heating bath tenperature 4 2 6 MAR 2002 was gradual ly
raised to a tenperature of 355 C and by2 product acetic acid was renoved.
Then, over the next 1 to 2 h, the pressure was gradually reduced from

at nospheric to full vacuum (66 Pa to 530 Pa absol ute pressure) while the
stirrer speed was gradually reduced to 30 rpm The polynerization was




5 term nated by renoving the heating bath approximately 5.5 to 8 h after
'the reactants were initially charged to the reaction vessel. The resulting
polymer had a brown color and a nelting point (as neasured;pwaR3H of 311
C. EXAMPLE 1 Twenty g of PEN polyner pellets (right circular cylinders
appr oxi mat ekpertRalOreactions) the titieawededrto affdctthydblgsiz bfithk @olyinier witlr e pl aced i n

400 m , tell C ¥ . 100 ml of
SI aci al acle_‘?i?%r%%f‘gi(% .th @%%ﬁ%%a@%@mgs%{gg %’3&0%18%2\%@1&%%&?0 6.7 kPg
(abs) pr ess prefemedibutgiot aeesssary kjohtyin at leastsrmeiN. ploweyer,dheyi t h nitrogen gas

3 times to g Sud dholildPrefeRB1 AR Bo hififasSahed sa%ﬁﬁ&iuave and its
contents_were then, heate lt10 'S 200C and Fﬁl@d for, at._this tenperature.

At the end &ecqmpasition qf She hydrolysis RFOAREIS OF of g PrEFnic Cay, 8x¥li?ea°§it ocl ave
al l owed to @Exwénsive decomnpdsitivpanat keadto prbduatewhichicontasiinate thedgdrgdysiced in a

Wari ng bl enq’%dugggta&@%@p% %i?(ﬁcuﬂ&grr%h@ta y 2 mn to finely disperse the

particul ate *pro sTurry was then filtered and the recovered solid
washed 2 tines wilihe hyfealysiy ispréferably dome dm thersubstagtial gpsencepof oxygen td and

washed N vagyBidaaRénied cXidad6n! ide deactiog. Y ey dREofvdnisht @Y pérfdraliheat about
120C anﬂ833 ressure.. The resu ﬁlgg\&l\?g ad a slight grayish
' L

9 I cP
color a CJ}%{P&ﬁWZﬁ‘Sa i)éﬁ?‘?eéﬂ $35 SHER 35 IFTRERR, VIREROBHIQ - f i ve g of
PEN pol yner previdetsamé¢ agigtion ¢ acreleeate thelhydodysis.25 approxi mately 0.32 cmin

di ameter and 0. B%l%hmpbgkghﬁ NS dhotf R M@&eﬁit%s'&é@ dskéopll%améf illlé%?tﬂitl:lpy C

aut ocl ave along wth m of water and 10 ] l'ic acid. The
aut ocl ave wdBe BEOSPSJS Iifh QUIOZERAYA PERFSYIE OF Stramppressuissheing ecoswepient4ad

repressurizage! ¢ sHollASAEHd sifaBSHWoerovioh fromi tHeQH6Eksg Afprellidrtd®MSné O 1 enove
air frorpgt he sxstem e then 30

Th led t Qcl. d it tents.
heated td 206% %‘ﬁ&"‘?feﬁ“afﬁ?f???sﬁ sr?ﬁg?mﬁ?%i’agy&e%&rgﬂsﬁwé%g QSI ﬁg‘we d of this
period, the swgalesswesl and Hastelddy® C aliny.t he aut ocl ave allowed to cool to room
tenperature. The @&%q}]g rxflﬂo@kiérii%’od‘@&e%@ﬂﬁﬂy'(&s&n“\?rlld&% Qg@p%er and

chopped for approxi mate 2'mn to fine di sperse the particul ate product.
The slurry VRESSSRAPAY bq ¢aoledfo JpApce the URESNRYSIICISYIG 1@ AMNOSRbETiO: t i mes with
distilled weAsumiig hdethdbsdlidldndrwatétinsdhublé proddcmact pesdnethdlpriiacoNaced in a

' | ' and, 339 k b
br essur &0 riiaf BERGRA oty hrRURigibarl A2 dhoshinB AR iong gl (20
essenti al | y and disimgnisigs beent favndbat Gisi producy i snieblgshigttlyp finusers aas made

from the recQygiird bk HMkﬁxE%ofy@ktE@V%ﬂﬂaﬁHsQﬁrﬁQMé f'is GEACHAE! SveliBhE charged (in
a nitrogen at sgher_e essel heated by a

5 2°6 MAR 2002 to reaction
netal heati nRPYA Wﬁé%ﬂ?‘p‘ﬁé‘ﬂ“ﬁ%@éhvxdé&&ﬁ&p‘éms avigg bg&hser, and a
stirrer (stigepafaed fsah tid N is pyshmed they neaimt the fistrdté). t i al | y charged into the

reacti on,vessel qi,pf% I hZ8.5 g of
t er epht Ezasl i c aci ‘(’ﬁ&fgrg%essn%flﬁhg 29 &3’%5°5§&’§‘22%ﬁ§é§%¥%§%¥%‘:§§“§§ d, and
341.1 ml of \Hb@tlil%d'é?ﬂlwg iofj @therwiise pasyifpblg for dirset Usecasgamonemerednt o ref | ux.
The ni Dﬁt ure y@ﬁﬁe ﬁ@fahm.eé?hga?m@aé ﬁﬁ?hht@@f ?ﬁ@ﬁﬁi&fipﬁr@ﬂsﬁ r?.iddes ?:Q%n thef or 40

m n. ring ex : 0 . e heating ba enperature was
gradual |y raf‘%‘gﬂf}??f}%O%Yeé%é?'B?‘Br‘%a&fh&SSS to 370C and by- product acetic acid
was renoved. ThenThoNewhithe preduced by shhydrolysie of treqmly(elkyteae gr adual |y 10
reduced 4q om yl MORRAGI (fnwa}gcbeft’d er'id &é&'@é@?neg&e@etg 6 Bt kgte pressure)
whi | e t he stl’rrltqasﬁB s.pee& S gra ual?y r ced t 6I’p§] %e pol yneri zati on
was t er ni nat eepdspsationpolymer syl asapalyaide nolyssisr.coolyfester-gmige; to 8 h after

the react ant goNis@r-ilide) ot dny Gthé [@Endrdn Wich &8 or AhikCHEMghg grbags r esul ting
pol ymer had a tan col

d th Lti i 329C.. 15 RATI VE
EXAVPLE 2 TwBTtRFe¥ bt %ﬁ%‘gﬁ@‘ ﬁéi?%bcélfqr‘]’gi’@g%‘igﬁasgﬂmﬁﬁéF f@m form ROIYMGLR 5
appr oxi mat el whith3e bomppolymenswr eopalymie.cofitaining estéramgintide liskagepamced in a
400 m t Ak f
S ?’eh%o@n?%?%gc,ai %&ﬁ%}%ﬂ%f#ﬁ@fdﬂ\aﬁ&r g@%@ﬁv\%éggglggset%‘;h gn d

aqueous HC (approxinmately wt % HCl e aut oc

evacuat ed t oAy bs foundnin B.Jélyerssetal o Fditorsy, Yikmanp sfancyclopedia of lndugsigheri ¢
prelssgre \t/vit:mhemigt@ggm Bés V3LIATEVCH Ve?li@&g%rs]aisfhafﬁhtﬁmtz 'g&iﬁhé&hd,eg‘ | ghfe -
seal ed autoc and.i c e wer n e . and he or
at this tenpé%f’tﬁ’ggsﬁ?t?@n%hgf%"%ﬁ’s %@Wso ,nCY‘ﬂgpeﬁéaa? Y€ ned of f)
and the aut oStienee aid Engintetiog.c¥oll. 12 oJohodMileyedfonat New . Yorke1988sul ting slurry
was poured off and exam ned. Both the 25 liquid and solid conponents of the
slurry were dark bl ack. COVPARATI VE EXAMPLE 3 . Liquid crystal polynmer was
prepared from commercially purchased N according to the procedure descri bed

in Conparative Exanple 1. The resulting polynmer had a tan color and nelting
poi nt (as nmeasured by DSC) of 329C. 30 6



2 6. MAR 2002 Clains: 1. A process for the production of 2,6-naphthal ene
'di carboxylic acid, consisting essentially of, contacting, at a tenperature

of about 120C. to 5 about 300C., a poly(al kyl ene 2, 6- nap%ﬁm[ﬁ% wat er,
and an organic carboxylic acid, other than 2, 6-naphthale oxylic

aci d, cont i Ri73g “Ehukq &bﬁgﬁn&%f@ﬁd ﬂﬁﬂaﬁérpﬂﬁheﬁ‘ﬂﬂrdﬁ@ﬁq\ﬂ@ drysbifinesai d

car boxyl e ai:l d u] EYF% 50 vol un§ %rcg rv@f said water, or
sai d or ganiP@¥ F%RWE“HW&"%“C tegs, guay; by foppd,n £ IHErYRy cent  of
sai d pol y( 3. Blvasecetal. 6Eﬂ(lorsaMhllmhéstEx)cyclopechaoﬂlmiasthak@hemxsaw $thi s about

acid bs abath” CoBaE VAT TR R P iR A B SR e

2, 6- napft harddb)Mark., etiad, @s@“ﬁ@l?@é%at‘gd)om“?ﬂ%lma%ere| n said
pol y§ aljkyl m’éeﬁﬁé ma@hvmhe.t gohii wlayraﬁsmstmnv VG hltggo [ﬁzpmch ess as t
recited in alate) has a repea
unit of thé’?lf‘grr‘%%]h ~Y mglt'%dgg)ﬁé '@/r ?ﬂf? ﬁma%gq\fﬁ’é? Yihezo i s al kyloene
4. The prodydmlpss obﬂ:emety(alhylcﬁcaz,ﬁﬂﬁpmmw maRbeivsed ilChiAGidP way in 5. The
process as tﬁ&%@hﬁ%&rﬁaﬁ&r@' W& sl Shiti ns'a?@ﬁécés%gfdl‘{% whl S inthe 30

se

l'iquid pha e process as recited 1n clarm erein said
or gani dOc ara9mppund’s QHEMS| s of the fornul a R3CO2H wherein R3 is al kyl

containing 2 to4 tﬁ@Eb&ﬁpled awCofdparitive Exdinftl¥ind@9g phinisTherepr 0Cess as

recited in C aci d acetic acid
or glycoli c‘fé{ q‘ﬁ er%ﬁ‘ggg%a §Cba2%'%$€tﬁy p’%@@b eﬁg% rage \R*‘IZQEI n said
terrperaturs)r|2<§°§buut 'Bhelmgmﬂgtpgmmwl@ﬁ(a@th@eak'héﬂwmdaag as recited in
clai m 8 whes@hihedh. | €ast 3 noles of water per nole of (I) are present. 10

10. The process as recited ij.clajm8 wherein about 5 to 200 nol es of water
per mol i@ of (1) are present@?ﬁ%@i&leci ted in claim4 wherein
about 5 to 200 nDhehurdied@bEPEN polymer pellets (right circular cylinders

approximately 0.32 cm in diameter and 0.32 cm in length) were placed in a

1780 ml, type 347 stainless steel autoclave along with 1000 g of water and 4 ml

of 12 wt % toluene sulfonic acid solution in glacial acetic acid. The autoclave

20  was sealed, and evacuated to 6.7 kPa (abs) pressure and repressurized to
atmospheric pressure with nitrogen gas 3 times to remove air from the system.
The sealed autoclave and its contents were then heated to 200°C and held for 5 h
at this temperature. At the end of this period, the heat was turned off, and the
autoclave allowed to cool to room temperature. The resulting slurry was placed

25  in a Waring® blender and chopped for approximately 2 min to finely disperse the
particulate product. The slurry was then filtered and the recovered solid washed
2 times with a mixture of distilled water and HCI on the filter. The filtered and
washed N was placed in a vacuum drying oven and dried overnight at about
120°C and 1.3 kPa (abs) pressure. The resulting N had a slight reddish brown

30 color, and contained about 60 ppm of antimony.

A thermotropic liquid crystal polymer was made from the recovered N
by the following procedure: reactants were charged (in a nitrogen atmosphere)
to a reaction vessel heated by a metal heating bath and equipped with a Vigreaux
column, condenser, and a stirrer (stir speed set at 50 rpm). The reactants

35 initially charged into the reaction vessel were 116.3 g of biphenol, 69.1 g of
hydroquinone, 145.9 g of terephthalic acid, 81.4 g of N, 554.4 g of
4-hydroxybenzoic acid, and 633.9 ml of acetic anhydride. The resultant mixture
was heated to reflux. The mixture was refluxed at a heating bath temperature of
170°C for 40 min. During the next 2.75 to 3.75 h, the heating bath temperature

4
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pKa in Pegtc'ﬂéltdmg’feeab%%#n ?%%B%Bge%ggwﬁﬁg {C@ 'Egs as recited in
claim1 comﬁasmllng Cratagtiore rlong awithst 30pm! of watet ard l%manﬂgkapml aetit| y washi ng
said 2, 6-na Efdhafﬁe%:&mrmwnb& aale%uﬂfamgs ‘ﬁﬁPéj(a%s r@?sﬂ Syl ene
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about 2
. A@ An. Al @ A% a)ng,ut 120RC Apd $4Sbld)qg|aps) REFSFUTR\ q’la@ qqsul(glg N had a slight

grayish color and contained essentially no antimony.
EXAMPLE 2
Seventy-five g of PEN polymer pellets (right circular cylinders
25  approximately 0.32 cm in diameter and 0.32 cm in length) were placed in a
1300 ml, Hastelloy® C autoclave along with 750 mi of water and 10 g of solid
glycolic acid. The autoclave was sealed, and evacuated to 6.7 kPa (abs)
pressure and repressurized to atmospheric pressure with nitrogen gas 3 times to
remove air from the system. The sealed autoclave and its contents were then
30 heated to 200°C and held for 5 h at this temperature. At the end of this period,
the heat was turned off, and the autoclave allowed to cool to room temperature.
The resulting slurry was placed in a Waring® blender and chopped for
approximately 2 min to finely disperse the particulate product. The slurry was
then filtered and the recovered solid washed 2 times with distilled water on the
35 filter. The filtered and washed N was placed in a vacuum drying oven and dried
- overnight at about 120°C and 33.9 kPa (abs) pressure. The resulting N had a
bright white color and contained essentially no antimony.
A thermotropic liquid crystal polymer was made from the recovered N
by the following procedure: reactants were charged (in a nitrogen atmosphere)
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was gradually raised to a temperature of 355 to 370°C and by-product acetic
acid was removed. Then, over the next 1 to 2 h, the pressure was gradually
10 reduced from atmospheric to full vacuum (67 to 530 Pa absolute pressure) while
the stirrer speed was gradually reduced to 30 rpm. The polymerization was
terminated by removing the heating bath approximately 5.5 to 8 h after the
reactants were initially charged to the reaction vessel. The resulting polymer
had a tan color and the melting point was 329°C.
15 COMPARATIVE EXAMPLE 2
Twenty g of PEN polymer pellets (right circular cylinders approximately
0.32 cm in diameter and 0.32 cm in length) were placed in a2 400 ml,
Hastelloy® C autoclave along with 180 ml of water and 20 ml of aqueous HCIl
(approximately 35 wt % HCI). The autoclave was sealed, and evacuated to
20 6.7 kPa (abs) pressure and repressurized to atmospheric pressure with nitrogen
gas 3 times to remove air from the system. The sealed autoclave and its
contents were then heated to 200°C and held for 5 h at this temperature. At the
end of this period, the heat was turned off, and the autoclave allowed to cool to
room temperature. The resulting slurry was poured off and examined. Both the
25  liquid and solid components of the slurry were dark black.
COMPARATIVE EXAMPLE 3
. Liquid crystal polymer was prepared from commercially purchased N
according to the procedure described in Comparative Example 1. The resulting

polymer had a tan color and melting point (as measured by DSC) of 329°C.
30
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10% m m&' ()1 1 x(A10omsess (fpr the production of 2.6-naphthalene dlcarboxyhc acid,
consisting essentially of, contacting, at a temperature of about 120°C. to
5 about 300°C., a poly(alkylene 2 6-naphthalate), water, and an organic
carboxylic acid, other than 2,6-naphthalene dicarboxylic acid, containing 2
to about 20 carbon atoms, and provided that said carboxylic acid is about
0.1 to about 50 volume percent of said water, or said organic carboxylic
acid is about 0.05 to about 25 weight percent of said poly(alkylene 2,6-
10 naphthalate), or said carboxylic acid is about 0.1 to about 50 volume
percent of said water, and said organic carboxylic acid is about 0.05 to

about 25 weight percent of said poly(alkylene 2,6-naphthalate).

2. The process as recited in claim 1 wherein said poly(alkylene 2,6-
15 naphthalate) is a polyester only.
3. The process as recited in claim 1 wherein said poly(alkylene 2,6-

naphthalate) has a repeat unit of the formula

20

25 wherein R? is alkylene.

4, The process as recited in claim 3 wherein R? is --CH,CH, --.

5. The process as recited in claim 4 wherein at least some water is in the
30 liquid phase.

6. The process as recited in claim 4 or 5 wherein said organic carboxylic acid

is of the formula R®CO,H wherein R® is alkyl containing 2 to 4 carbon
atoms.
35



17110988& ()-Z"["] "#% YW&OM >, G10%&' ()-!1 y@10%& ()-y y@10%' ()-y!1 y@
10% ()-y!'y@10%&' ()-y! GLOY& ()- 10SS&&C ()\**zX9.> "*M 10%& ()-Y

la " *M10% ()-Y 't ' yY 110%& ()-m!fyY '109% ()-m

F109%&' ()-10%& ()-*+, @B-CD-E-R }rg\=Y"&210% o0& ()- 10 102 &%;2{]02

S10%&' ()-,8mM 10% & ()-g!'f "*M10% ()-Y !'X "*M10%& ()-Y
R-.alk/l/.12zX6g\=!'\"y:110%00& ()-3 'ly:!10%UpU& ()-3 !

10%00&' () - @0% o0& () -!

“ 81098 () - 14 &10%B& { dac 7 = A&3L10UDA&: (-1 F 10000@ (Y 1t F
10%08& 8 .% F 1/8'%?'(8}%?5(%-'!%@% "f’é%hé fl)é- i.“6‘%4%8%&)%59??@%%%6F%%%T89;
“\ilal @y! 109%& (i agetioacidamglyoelic Beid0%g: () - 10' 0 10' 0 10' 0@

10% 0& ()-!f  &3! 109%& () - .
:<<::2??g(6~\ IV yl 10((%&)}\/I\/I\/I\/&' ()- (1t y!110%& ()-(!1p’y! 109%& ()-(!a y! 109%& () - (
‘1 %!@10;/80/&' .(8'( | S TheLomgess) ag m@%gw@%%n@!mm%@qgﬁwmmm- 10" 10

s -yl %R () - - DCDWU3~

109! ()%5@0%5%’?%@*&%&&&% 1Ly 1 109%& () - @ #Yy | 1 0% ()-@(>y
| 109%' () - @DNDi DDEEE} [ <~ @f 3: 10%& ()-105210% | & ()-1XyF1! 109& ()- S

1 300/;{&( § 2 ]: %&G%Wé‘p(@i%?%%‘i %:r gﬁ%@ﬁl&'c(a)m FRERREERA BRS HE 69 water per

10 10. The process as recited in claim 8 wherein about 5 to 200 moles of water
per mole of (I) are present.

11. The process as recited in claim 4 wherein about 5 to 200 moles of water
per mole of (1) are present.
15
12. The process as recited in claim 1 wherein said poly(alkylene 2,6-
naphthalate) is poly(ethylene naphthalate), at least some water is in the
liquid phase, about 5 to 200 moles of water per repeat unit of poly(ethylene
naphthalate) are present, said temperature is about 175°C. to about
20 250°C., and said organic carboxylic acid is acetic acid or glycolic acid.

13. The process as recited in claim 1, 4 or 12 comprising the additional step of
polymerizing, in a condensation polymerization, said 2,6-naphthalene
dicarboxylic acid to form a polymer which contains ester linking groups,

25 said polymerizing comprising:

(a) heating a mixture, optionally in the presence of a catalyst, of a diol
with said 2,6-naphthalene dicarboxylic acid to a temperature at
which the esterification occurs with the formation of polyester and

30 byproduct water; or

(b) reacting an aryl ester of said 2,6-napththalene dicarboxylic acid and
one or more bisphenols, and removing by-product phenol; or
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5 a pKa in water at 23°C. of about 1 to about 6.

15. The process as recited in claim 1 comprising the additional steps of
filtering and optionally washing said 2,6-naphthalene dicarboxylic acid,
drying said 2,6-naphthalene dicarboxylic acid, and polymerizing, in a
10 condensation polymerization, said 2,6-naphthalene dicarboxylic acid to
form a polymer which contains ester linking groups, without further

purification, said polymerizing comprising:

(a) heating a mixture, optionally in the presence of a catalyst, of a diol
15 with said 2,6-naphthalene dicarboxylic acid to a temperature at
which the esterification occurs with the formation of polyester and

byproduct water; or

(b) reacting an aryl ester of said 2,6-naphthalene dicarboxylic acid and
20 one or more bisphenols, and removing by-product phenol; or

(c) heating an alkanoic diester of a bisphenol, with said 2,6-

naphthalene dicarboxylic acid and liberating an alkanoic acid.

25 16. The process as recited in claim 6 wherein about 5 to about 200 moles of
water per mole of (I) are present.



